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MS
). In ID 1 MS, the mass fraction of an analyte A is obtained from mass spectrometric analysis of a mixture (blend) of sample and an isotopically-enriched form of the analyte (B) which acts as an internal standard:
This model requires that the mass fraction of the isotopic standard (w B ), the isotopic composition of natural (R A ) and enriched (R B ) material, and their respective molar masses (M A and M B ) are known beforehand. It is possible, however, to design an experiment in order to bypass the prior knowledge of these quantities. For example, in addition to the blend of sample and isotopic standard (AB), one can prepare and measure three additional blends of a primary standard (with natural isotopic composition) and isotopic standard. These blends are denoted A*B-1, A*B-2, A*B-3, and the following system of four equations now describes the experiment, assuming R A =R A* and M A =M A* :
Equation 2 can be solved for w A to yield:
where
is known as quadruple isotope dilution (ID 4 MS) [1] [2] [3] and it involves only the gravimetric data regarding the four blends along with their isotopic composition. Note that the variables w B , R B , and R A have been eliminated in Eq. 3 ( Table 1) .
The possibility of choosing the isotopic composition of the three calibration blends offers the options for more sophisticated experimental designs for high-precision measurements. In this vein, for best results, the analyst might prepare one of the A*B blends to match the isotopic composition of the sample blend (AB) while the other two A*B blends bracket the isotopic composition of AB, as shown in Fig. 1 . The data reported in Table 2 reflect such experimental design and can be used to calculate the mass fraction of bromide in the sample of groundwater by using Eq. 3: Alternatively, one can construct a graph in order to derive the value of w A . For this, one plots the ratios w A* (m A* /m B ) on the abscissa for the three blends A*B-1, A*B-2, and A*B-3, and the corresponding isotope ratios (R AB or 1/R AB ) on the ordinate (Fig. 2) . Then, the data points are fitted with a suitable function, and the value corresponding to the ratio R AB is then extrapolated. This corresponds to w A . m A /m B which, in turn, yields w A . Fig. 2 Graphical solution of the isotope dilution challenge using a nonlinear fitting A (and A*) n/a n/a n/a n/a 1.018 B n/a n/a n/a n/a 15.81 AB 2.00811 n/a n/a 0. 
